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Abstract
Background: Standard care for the rehabilitation of knee conditions involves exercise programs and information provision.
Current methods of rehabilitation delivery struggle to keep up with large volumes of patients and the length of treatment required
to maximize the recovery. Therefore, the development of novel interventions to support self-management is strongly recommended.
Such interventions need to include information provision, goal setting, monitoring, feedback, and support groups, but the most
effective methods of their delivery are poorly understood. The Internet provides a medium for intervention delivery with considerable
potential for meeting these needs.
Objective: The objective of this study was to demonstrate the feasibility of a Web-based app and to conduct a preliminary
review of its practicability as part of a complex medical intervention in the rehabilitation of knee disorders. This paper describes
the development, implementation, and usability of such an app.
Methods: An interdisciplinary team of health care professionals and researchers, computer scientists, and app developers
developed the TRAK app suite. The key functionality of the app includes information provision, a three-step exercise program
based on a standard care for the rehabilitation of knee conditions, self-monitoring with visual feedback, and a virtual support
group. There were two types of stakeholders (patients and physiotherapists) that were recruited for the usability study. The
usability questionnaire was used to collect both qualitative and quantitative information on computer and Internet usage, task
completion, and subjective user preferences.
Results: A total of 16 patients and 15 physiotherapists participated in the usability study. Based on the System Usability Scale,
the TRAK app has higher perceived usability than 70% of systems. Both patients and physiotherapists agreed that the given
Web-based approach would facilitate communication, provide information, help recall information, improve understanding,
enable exercise progression, and support self-management in general. The Web app was found to be easy to use and user satisfaction
was very high. The TRAK app suite can be accessed at http://apps.facebook.com/kneetrak/.
Conclusions: The usability study suggests that a Web-based intervention is feasible and acceptable in supporting self-management
of knee conditions.
(JMIR Res Protoc 2015;4(4):e122)   doi:10.2196/resprot.4091
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Introduction
Management of Knee Conditions
Musculoskeletal conditions are the second largest contributor
to years lived with disability [1]. In the United Kingdom, a total
of 33% of individuals aged 45 and over have sought treatment
for osteoarthritis, with the knee being the most commonly
affected joint [2]. The incidence of acute knee injuries is
reported to be at a rate of 2.29 per 1000 in US population [3].
In the Netherlands, 45-55% of acute knee injuries develop into
a long-term medical condition [4]. Patients may still experience
movement deficiency 1 year following knee surgery [5]. In
particular, participation restrictions may persist 2 years
following total knee replacement [6].
To support the recovery or management of a long-term
musculoskeletal condition, physiotherapy rehabilitation is
typically recommended. Standard care for the rehabilitation of
knee conditions involves exercise programs and information
provision [7,8]. However, current methods of rehabilitation
delivery struggle to keep up with large volumes of patients and
the length of treatment required to maximize the recovery.
Therefore, the development of novel interventions to support
self-management is strongly recommended. Such interventions
need to include information provision, goal setting, monitoring,
feedback, and support groups, but the most effective methods
of their delivery are poorly understood and require further
research [9,10]. Finally, treatments need to be personalized, that
is, targeted at individual needs, to improve prospects of
rehabilitation [10].
Web-Based Intervention Approaches
Some argue that the Web-based approaches are more accessible,
more convenient for patients, and can help counteract the current
shortage of skilled therapists [11]. They can also be more
effective in acquiring declarative knowledge [12]. Focusing on
therapies that addressed deficiencies in patient knowledge and
self-management skills, Web-based approaches were found to
be more effective in increasing participation and exercise time
[13]. In the context of physical activity interventions, it was
found that over half of the controlled trials of Web-based
interventions reported positive behavioral outcomes [14].
Similarly, findings of a systematic review demonstrated the
effectiveness of Web-based patient education interventions, that
is - interventions that are associated with producing changes in
self-care behavior, on patient outcomes [15]. A meta-analysis
of Web-based cognitive behavioral interventions demonstrated
a small effect when using pain scale as the main outcome in
comparison to waiting list control groups [16]. These results
indicate the potential of Web-based interventions as a
therapeutic tool for chronic pain associated with decreasing
treatment costs and side effects. In general, Web-based
interventions in patients with somatic diseases were found to
be effective/cost effective, or at least promising in this regard
[17]. In particular, Web-based physical activity interventions
proved to be more effective than a waiting-list strategy [18].
Although Web-based behavioral interventions can be effective,
poor adherence is commonly associated with such interventions
[19]. The differences in technology and interaction, rather than
the health care area itself, were found to be good predictors of
adherence. The most effective Web-based interventions are
interactive and flexible, thereby allowing patients to select
information that is of relevance to them, and their learning at a
particular point in time [15]. In addition, social media offer an
opportunity to improve the efficiency and effectiveness of health
care by providing an alternative mechanism to facilitate
self-management of chronic diseases [20].
The Health Care Industry and the Web
“Social media” is a term used to refer to a group of Web-based
apps that allow the creation and exchange of user-generated
content [21,22], such as social networks, forums, blogs. To
reach stakeholders, leverage collaboration, and personalize care,
the potential of social media needs to be explored [23-25]. They
have already demonstrated a rising influence on patients'
decision-making process (eg, what services to seek out, which
doctor to consult). Not surprisingly, it has been suggested that
social media will inevitably be an integral part of the future
landscape of health care [26]. However, the accent here is on
the word "future," because the health care industry is currently
lagging behind in its use of social media to communicate with
patients. For example, a study of social media use among
Fortune 100 companies revealed that health care was the least
active industry in this area [27]. Similarly slow adoption rates
have been reported in the United Kingdom [28]. This tendency
may be explained by a combination of various factors.
Health Care Industry Factors for Web Resistance
Publicly financed health care organizations such as the National
Health Service (NHS) have traditionally been risk averse.
Subject to budgetary constraints, they strive to minimize the
possibility of failure. Therefore, they tend to only adopt widely
accepted, proven technologies [29].
There is a lack of best practices and robust metrics to measure
success of investments in social media and produce reliable
return-on-investment figures. Although there are several surveys,
case studies, trials, and working examples, systematic evidence
on the clinical outcomes of social-media-enabled health
interventions is yet insufficient [23].
There is a general lack of trust. Social media are rife with
misinformation. In heavily standardized and regulatory-driven
industries such as health care, it is imperative to provide
well-recognized and accredited sources of information [30].
Privacy, security, confidentiality, and liability questions present
further concerns [25]. Communication between health care
providers and patients must comply with current data security
and privacy legislation [31,32]. Because of increased privacy
laws and regulation, health care-centric discussions need greater
moderation than discussions related to any other industry.
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Health professionals tend to link the use of social media to
deprofessionalization of their expertise, and they believe that
it can undermine the traditional doctor-patient relationship [33].
Clearly, there are numerous hurdles to overcome, and engaging
with social media can incur considerable risks. Despite their
increasing popularity, their uncontrolled nature raises serious
concerns about the quality, reliability, and accuracy of health
information. The benefits health care may gain from investing
into this relatively new technology are still fairly unclear [34].
Nonetheless, it provides a great opportunity to improve the
quality of communication between patients and health care
professionals, thus potentially improving health outcomes. In
particular, the emergence of social networking sites (SNSs)
created entirely new ways of social interactions. The traditional
vertical dissemination has been replaced with a horizontal flow
of information. Social networks dedicated to patients function
as virtual support groups, which can offer a wide range of
information and support needs that may not be met as part of
conventional health care [35]. For example, the website
“PatientsLikeMe” [36] was designed to facilitate conversation
between patients suffering from the same medical condition.
Another example is CureTogether [37], which helps its users
to anonymously track the progress of conditions, collect data
to aid research, and help patients better understand their bodies.
The majority of Web-based physical activity interventions
focused on health promotion [38,39], often in a specific medical
context such as obesity [40], diabetes, [41], or aging [42], but
very few exist in areas such as osteoarthritis [43] or rheumatoid
arthritis [44], where physical therapy is recommended. To our
best knowledge, there is no evidence of a successful interactive
app for patients with acute knee conditions.
Methods
Primary Aim of the Study
The primary aim of this study was to demonstrate the feasibility
of a Web-based, interactive app, and to conduct a preliminary
review of its practicability as part of a complex medical
intervention in the rehabilitation of knee disorders. Based on
the precognitions of stakeholder expectations, our objective was
to examine possible ways of facilitating remote self-care. Ethical
approval for this study has been granted from the National
Research Ethics Service via the South East Wales Research
Ethics Committee Panel (ref 10/MRE0928).
Choosing the Platform
Incorporating the social networking aspect into the proposed
app is a critical success factor. There are 2 ways to accomplish
this: (1) by organizing a new community from scratch or (2)
carving out a chunk from the audience of the mainstream SNSs.
Open source social networking platforms such as Elgg [45],
Oxwall [46], or BuddyPress [47] provide an out-of-the-box
solution for building new online societies. A disadvantage of
this approach is that users need to register and remember their
login credentials to yet another account and learn how to
effectively use a new software environment. Alternatively,
Facebook Login [48], Twitter OAuth [49], Yahoo OAuth [50],
Google OAuth 2.0 [51], and Disqus [52] offer ways to integrate
third-party websites with social media by allowing
authentication and content authoring from external websites.
Additionally, Facebook allows developers to host their apps on
Facebook, which allows effortless promotion via “likes” and
recommendations as well as contextual advertising. A wealth
of user information (name, age, interests, groups, friends, etc)
comes for free and users are faced with a familiar interface,
which requires no special training, thus, not incurring a
significant learning overhead. A Facebook app requires no
installation, is platform neutral in terms of operating systems
and Web browsers, and is, in principle, accessible from any
Internet-enabled device. The interactive nature of Facebook and
communication with other users makes it straightforward to
integrate a virtual support group into the app. However, such
communication together with the collection of user information
may raise privacy concerns. This means that, in addition to
Facebook's own privacy policy [53], it needs to be made clear
to the users how their information will be used within the app.
From developers' perspective, the negative consequences of
choosing Facebook as a platform include loosing independence
and developing to interfaces that may change, possibly breaking
the app.
In the context of self-management interventions, Facebook
seems like a suitable platform due to its widespread usage. In
the United Kingdom, 61.1% of Internet users use Facebook at
least monthly [54]. Similarly, in the United States, 74% of adult
Internet users use SNSs, with Facebook being the preferred
choice (71% of adult users) [55]. The percentage of Internet
users within a specific age group who use Facebook is high in
both young and middle-aged adults: 86% of users are in the age
group of 18-29 years, 73% in the age group of 30-49 years, and
57% in the age group of 50-64 years [56]. Overall, Facebook
users in the United States are currently distributed across
different age groups as follows: 13-17 years (5.4%), 18-24 years
(23.3%), 25-34 years (24.4%), 35-54 years (31.1%), and over
55 years (15.6%), with the 3 older groups recording a growth
of 32.6%, 41.4%, and 80.4%, respectively, within the last 3
years [57]. This trend is contrary to popular belief that Facebook
is mostly used by teenagers. When it comes to gender, the
distribution of Facebook users is fairly balanced in comparison
to other SNSs; there are slightly more female (53.3%) than male
(45.6%) users. On the other side, acute knee injuries are most
prevalent in young and middle-age adults (75.6% of knee
injuries occur in men with a mean age of 32.9 years, compared
with 24.4% in women with a mean age of 35.3 years) [58],
whereas the percentage of individuals treated for long-term
conditions such as osteoarthritis is 31% women and 23% men
within the 45-64 age group and 44% women and 35% men
within the 65-74 age group [2]. These findings indicate that a
self-care app delivered via Facebook may have potential health
benefits for a high percentage of adult users. For these reasons,
we decided to use Facebook as the main platform to develop a
Web-based app for self-management of knee conditions.
However, there is evidence that engagement with physical
activity interventions delivered using websites tends to be low
unless concerted effort is taken to address the issue [13].
Engagement can be increased by focusing on self-regulation
through the use of modern devices such as mobile phones [39].
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Mobile phones are globally more prevalent than computers for
Internet access [59]. In addition, they are designed to be
portable. For these reasons, mobile phones may provide a better
platform than large screen devices (eg, desktop, laptop, or tablet)
to increase engagement in the context of an exercise-based
rehabilitation program. While the overall Web-based app may
be too complex to be delivered efficiently on a relatively small
mobile phone screen, the self-monitoring aspect of its exercise
component is ideally suited for this medium. Therefore, multiple
platforms are required to maximize both accessibility and
engagement in a Web-based app for self-management of knee
conditions. We chose to implement a Web-based intervention
as a suite of apps in which a Facebook app is complemented by
2 native mobile apps.
Needs Assessment
To ensure that the final product is optimized for its intended
audience in terms of user needs, we conducted a meta-analysis
of publications concerning the rehabilitation of musculoskeletal
conditions to shed light on patients' information needs and
self-care support requirements. Approximately 100 titles were
screened and 20 of them were considered for inclusion. We
conducted content analysis to group information into themes.
In terms of supporting self-care, we identified the following 5
key areas: (1) sufficient and comprehensible information
provision about generic and condition-specific matters; (2)
tailored exercise plans that take patients' individual
circumstances into account; (3) recovery monitoring based on
data supplied by patients (functional test and questionnaire
surveys); (4) a virtual community of patients; and (5) support
for patient-doctor interactions.
Goal Analysis
The goals defined in the needs assessment phase were broken
down into component tasks by asking questions such as “In
order to achieve this goal, what does the user need to know or
be able to do?” Tasks were then structured around scenarios of
interest and in the context of specific types of users [60]. User
stories were used to document user requirements in a quick,
informal way. A prioritized set of the most important user stories
in our case are presented in Textbox 1.
Textbox 1. Prioritized set of the most important user stories.
• As a patient, I want access to both general and condition-specific information.
• As a patient, I want to fill out questionnaires and functional tests so that I can track my progress.
• As a patient, I want to receive notifications about upcoming tests.
• As a patient, I want to see my results and compare them to other patients' averages.
• As a patient, I want visual feedback on my progress.
• As a patient, I want to know what tests I will have to do and when.
• As a patient, I want an exercise plan with detailed exercise descriptions.
• As a patient, I want to be able to talk to clinicians.
• As a patient, I want to start a new topic, post to existing ones, and comment and like other posts.
• As a patient, I want to be able to register.
• As a patient, I want to specify my demographic and medical details so that I get personalized content.
• As a patient, I want to be able to delete my account.
• As a patient, I want help on how to use the system.
• As a patient, I want a frequently asked questions (FAQs) section.
Information Organization Scheme
An information organization scheme defines the shared
characteristics of content items and influences the logical
grouping of those items [61]. In the context of Web projects, it
is concerned with conceptually organizing information into
groups (windows, pages, tabs, and other elements of user
interface) and assigning names to those elements. The
organization of information is a critical success factor; if users
do not understand the scheme, they will not be able to find what
they are looking for regardless of how easy it is to navigate the
website. We chose to implement a task-based organization
scheme based on an assumption that a user will typically use
the system to perform certain tasks. By extracting these tasks
from user stories and grouping them together into components,
we obtained a coarse-grained structural model of the required
system, through which the following 5 main modules were
identified: Home page, Knowledge Base, Recovery Tracker,
My Self-Care Plan, and Support Group.
The Home page was envisioned to display a welcome message
with some basic information about the app. The Knowledge
Base was intended to serve information provision purposes.
The Recovery Tracker component is meant to be an interactive
tool that helps registered patients assess their recovery progress.
My Self-Care Plan contains information about the self-care plan
throughout typical stages of rehabilitation. In relation to My
Self-Care Plan, we specifically wanted to improve accessibility
to information about exercises. Therefore, we designed a mobile
app to allow a user to easily access and record information about
exercises when outdoors or in the gym. Finally, the Support
Group should provide a venue for patients to share their
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experiences. The following section describes these modules and
their relations in more detail.
Implementation
We developed the Taxonomy for RehAbilitation of Knee
conditions (TRAK) app using extreme prototyping, a relatively
new, iterative architectural approach, specifically designed for
developing hypermedia apps in terms of increasingly functional
prototypes [62]. Evaluation takes place at the end of each phase
and prototypes are reviewed until the minimum requirements
of acceptance have been met. Figure 1 shows a sitemap of the
final version of the TRAK app suite. Different colors are used
to distinguish between the modules whose names are listed
directly under the Home page.
The Knowledge Base was intended to serve information
provision purposes. Its content is grouped into 3 categories
based on the results of a UK-wide survey of physiotherapists,
with a specialist interest in knee conditions, regarding the types
of information and advice they provide to patients [8]. The
content of the 3 categories is displayed in the corresponding
tabs. The “Physiotherapy” tab (Figure 2) contains articles whose
purpose is to manage patients' expectations by providing
information about the aims of physiotherapy, types of
rehabilitation, rehabilitation goals, etc. The “Knee” tab provides
information aimed at improving patients' understanding about
the nature of the problem, for example, anatomy of the knee,
different types of knee conditions, and the related symptoms.
To get the necessary information across, our content needed to
be easy to comprehend for patients with any level of health
literacy and richly illustrated with graphics to reinforce
understanding. Moreover, articles had to be compelling, original
work, based on the best available evidence. Finally, the
“External Links” tab was designed to supplement the original
articles with a set of relevant links to credible external resources
such as World Health Organization global recommendations
on physical activity for health and Arthritis Research UK.
Figure 1. Sitemap of the Facebook app.
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Figure 2. Knowledge base - Physiotherapy tab.
Recovery Tracker
The Recovery Tracker component provides access to an
interactive tool designed to help registered patients assess their
recovery progress over the course of rehabilitation. It provides
a schedule for collecting patient-reported outcome measures in
the “Tests Due” tab, together with a checkbox to allow users to
set email notification preferences. There are 2 types of
patient-reported outcomes that are currently collected: subjective
and objective. The subjective test is based on the Knee Injury
and Osteoarthritis Outcome Score (KOOS) [63], a 42-item
self-administered assessment of 5 outcomes (pain; other
symptoms; activities of daily living; sport and recreation
activities; and knee-related quality of life). This information is
meant to help patients keep track of how they feel about their
knee and how well they are able to perform their usual activities.
In addition to KOOS, pedometers are commonly utilized as part
of knee rehabilitation as a way of increasing physical activity
levels and allowing patients to objectively assess their
performance [64]. Both tests (ie, KOOS and pedometer readings)
are scheduled periodically. Taking into account the complexity
of the KOOS survey, and in order to allow sufficient time for
significant improvement to occur, the KOOS test is scheduled
monthly. Pedometers record data on a daily basis, but most are
nowadays equipped with a 7-day memory function. In order for
the app to be less obtrusive, the pedometer readings are collected
on a weekly rather than a daily basis.
Once a patient completes a test, the system evaluates answers
and computes a test score, which is compared with previous
scores and the average score of other patients in the same
category and stage of rehabilitation to provide the patient with
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feedback about their recovery. In addition to the latest test result,
the patient can also track their progress over time. Namely, the
“My Progress” tab provides patients with a summary of previous
results (Figure 3). To simplify the interpretation of numerical
information, a visual representation is provided in the form of
a plot, with time expressed in weeks on the horizontal axis and
test score on the vertical axis. Additional information is provided
to aid interpretation of visual feedback, whose purpose is not
only to inform a patient about their progress, but also to motivate
them by relative improvement over time as well as to set realistic
expectations by direct comparison to the average progress of
other patients in similar circumstances.
Figure 3. Recovery tracker - My Progress tab.
My Self-Care Plan
The overall goals of My Self-Care Plan are to help patients to
control joint pain and/or swelling, regain normal knee flexion
and extension, regain a normal gait pattern and stability, regain
normal muscle strength, regain normal proprioception, balance
and coordination for desired activities, and achieve optimal
functional outcome. To support these outcomes effectively, My
Self-Care Plan contains an exercise-based rehabilitation program
divided into 3 phases (early, intermediate, and advanced
physiotherapy) followed by the final phase (return to normal
activity) [65].
The length of the rehabilitation program will depend on patients'
individual circumstances, and therefore, the proposed timelines
are merely a guide. Exercise progression depends on completion
of the current phase, before advancing to the next one. Each
phase provides information about its own aims, exercise
program, and progression criteria. For example, to proceed to
Phase 3 (advanced physiotherapy), patients should meet the
following criteria: (1) there should ideally be no swelling of the
knee, but minimal swelling is acceptable; (2) comfortable
walking; (3) full range of motion; and (4) symmetrical muscle
strength. In addition to these criteria, Recovery Tracker can
assist patients in deciding whether they are recovering
sufficiently or not. When ready to progress, the next phase of
physiotherapy can be selected from a drop-down menu (Figure
4). By default, the exercises shown when selecting My Self-Care
Plan belong to the current phase.
Each rehabilitation phase is supplemented with information
about its aims, advice, and a reference to Recovery Tracker.
The exercises associated with each phase are divided into 6
groups, namely, aerobic, balance, stability, flexibility, functional,
and strength exercises, which are accessible via the
corresponding tabs. Each tab is populated with specific exercises
appropriate for the given phase. Each exercise comes with a
collapsible/expandable illustration section, which contains an
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image and a short description (Figure 4). The exercise
information originates from the TRAK ontology, which has
been specifically designed to formally model standard care for
the rehabilitation of knee conditions [8]. It incorporates over
100 exercises organized hierarchically (Figure 5). These
exercises were selected through a systematic literature review
[7] and a UK-wide survey of clinical practice. The TRAK
ontology is encoded in the OBO flat file format, version 1 [66],
which makes it machine readable and thus reusable in a variety
of informatics apps. In other words, the content of the TRAK
ontology can be automatically imported where needed. Textbox
2 provides an example of an exercise represented in the
ontology. Such representation provides a unique identifier for
each exercise, its preferred name, together with any other
synonyms, definition, cross-references to external sources (eg,
UMLS), classification using “is-a” relationship, and named
relationships to other relevant concepts in the ontology.
Textbox 2. An example of exercise description in the TRAK ontology.
[Term]
id: TRAK:0000405
name: backward lunges
def: "Start position: Stand upright. Action: Step backwards with the affected leg and bend the affected knee until it is flexed 90 degrees, then slowly
straighten up keeping the body weight on the affected leg and step back with the unaffected leg." []
synonym: "reverse lunges" EXACT []
xref: UMLS_CUI:C2019591
is_a: TRAK:0000135 ! lunges
relationship: performs TRAK:0000157 ! concentric contraction
relationship: performs TRAK:0000158 ! eccentric contraction
In relation to My Self-Care Plan, we specifically wanted to
improve accessibility to information about exercises in order
to better engage patients in the self-care program. Therefore,
we designed a native mobile app to allow a user to easily access
and record information about exercises without having to rely
on an Internet connection, which may not be available in typical
exercise environments, for example, outdoors or in the gym.
Namely, My Self-Care Plan provides a selection of appropriate
exercises as the patients progress through the 3 rehabilitation
phases, while the mobile app allows them to keep a diary of
exercise activities as they actually do them at home or
somewhere else. The mobile app's functionality includes
exercise selection, access to exercise instructions with an image,
logging an exercise together with pain and effort required for
its completion as well as any other comments, and tracking
progress by monitoring pain and effort over time (Figure 6). As
before, all exercise-related information was reused from the
TRAK ontology. Any changes to the ontology stored on a cloud
server are propagated automatically, thus allowing the mobile
app to evolve seamlessly.
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Figure 4. A description of a flexibility exercise recommended in Phase 2 (Intermediate physiotherapy).
Figure 5. Partially expanded TRAK ontology provides the classification of exercises.
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Figure 6. TRAK mobile app allows a patient to keep track of exercises on the go.
Virtual Support Group
The evidence suggests that the capacity of patients to
self-manage can be sustained through the perceived social
support [67]. In particular, social support proved to be an
important external factor influencing how much participants
exercise [68]. Therefore, we set up the Support Group to provide
a venue for patients to share their experiences. It has been
implemented as a Facebook group rather than as a discussion
forum in order for the Support Group to be more interactive
and familiar to the intended user group. Indeed, Facebook groups
provide a platform that seamlessly supports communication,
sharing, and interaction within a social group gathered around
individuals with common interests [69]. Facebook groups come
with intuitive privacy settings to control who can see group's
membership and content: secret (only members can find the
group and see posts), closed (anyone can find the group and see
its members, but only members can see posts), and open (anyone
can see the group, its members and their posts). To create a
private social space for patients, we opted for a secret group.
Because the group cannot be found using Facebook's search
function, new members can be added by invitation only. Privacy
concerns are addressed through policy and education. In terms
and conditions, members are reminded that confidentiality of
discussions is expected, but cannot be guaranteed. As with any
online communication, anything posted within the group has
the potential to become public, thus patients are warned to only
post information they are comfortable sharing with others.
Measures
Following the initial app development, its comprehensive
testing, and research ethics committee approval, a usability
study was conducted to evaluate the usability of the TRAK app
suite. There were 3 types of participants that were recruited for
the study: software experts, patients, and physiotherapists.
Participants
A total of 44 participants (29 patients and 15 physiotherapists)
were recruited through the Physiotherapy Department at the
Cardiff and Vale University Health Board. Eligibility criteria
were (1) an ongoing knee condition for patients and specialist
interest in knee rehabilitation for physiotherapist, (2) aged 18
years or older, as we targeted adult users, and (3) having used
a Facebook account at least once a week for more than a month.
Potential participants were excluded if they (1) had no Internet
access at home, (2) did not speak the English language with
native-like proficiency, or (3) had contraindications for physical
activity without medical supervision. All participants signed
the informed consent document. No incentives were offered for
participation in the study.
Prior to approaching patients and physiotherapists, 3 software
experts were recruited to provide initial feedback on usability.
They were asked to register as users on the app and complete
a set of tasks to provide an informed opinion about potential
usability issues and suggest possible improvements. They
provided written feedback, which was then analyzed to identify
the following usability themes: design, feedback, format,
instructions, navigation, terminology, and learnability. These
themes provided the basis for the development of the usability
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questionnaires, which were used to collect both qualitative and
quantitative information.
Questionnaires
The questionnaires were divided into 3 parts: (1) Questionnaire
1: computer and Internet usage; (2) Questionnaire 2: task
completion; and (3) Questionnaire 3: subjective user preferences.
All 3 questionnaires were accessible online. Patients were
recruited during an appointment at the clinic and were instructed
to complete Questionnaire 1 at home and use the app as part of
their self-care. They completed Questionnaires 2 and 3 at the
clinic during the follow-up appointment. Of the 29 patients, 13
did not actively participate in the study. Of the 16 remaining
patients, only 1 did not complete Questionnaire 1, but they all
completed both app-specific Questionnaires 2 and 3. The
responses of all 16 patients were used to provide the summary
reported here. Of the 16 patients, 10 were men and 6 were
women, whose age ranges were 22.83 ± 4.36 years and 23.60
± 3.24 years, respectively. As for the physiotherapists, all 15
participants completed all 3 questionnaires. Of the 15
physiotherapists, 11 were women and 4 were men, whose age
ranges were 36.45 ± 4.59 years and 40.25 ± 4.57 years,
respectively.
It is argued that 5 participants would reveal 80% of usability
problems [70,71]. Therefore, a total of 34 (3 + 16 + 15)
participants seem sufficient in the context of this usability study.
In particular, we have at least five participants from both types
of stakeholders: patients and physiotherapists. Their total
numbers (16 and 15, respectively) are also evenly balanced,
which should provide a similar level of insight into their views
on usability.
Results
Questionnaire 1: Computer and Internet Usage
Questionnaire 1 consisted of 19 questions whose main purpose
was to verify the computer literacy of the participants as part
of the inclusion criteria, but also to try and relate the response
to task-based questions to different levels of computer literacy.
Figure 7 shows a summary of responses to Questionnaire 1.
Of 15 patients who completed Questionnaire 1, all had at least
secondary education out of which 13 had a university degree.
All of them were accessing the Internet daily (on average 24.2
hours per week) at home mostly via a laptop (87%, 13/15). All
15 patients were mostly using the Internet to send or read email
and access an SNS. Of the 4 SNSs (Facebook, Twitter, LinkedIn,
and Google Plus), Facebook was the only site regularly used
by all participants, followed by Twitter, which was used by 9
of 15 patients. LinkedIn was never used by 13 of the patients,
and Google Plus was never used by 12 of the patients. With the
exception of 2 patients, all others were likely to use Facebook
on a typical day. They used Facebook mostly to communicate
with friends and access content on Facebook pages, and
somewhat less often to participate in Facebook groups. Almost
half of the patients never used Facebook apps prior to this study.
Laptops and mobile phones were the most used devices to access
Facebook, with laptop being the preferred choice. Most patients
(73%, 11/15) have never used an app such as Weight Watchers
or iFitness to get in shape. The 4 patients who have used such
apps liked their mobile aspect and the ability to use them
on-the-go to track exercise performance, but they disliked
crashes, frequent updates, large downloads, cost, and some of
the apps not being available on Android devices.
Of the 15 physiotherapists, all held a university degree. All of
them were accessing the Internet daily (on average 10
hours/week) at both home and work mostly via a laptop (100%,
15/15). All 15 physiotherapists were mostly using the Internet
to send or read email and search for information online. Of the
4 SNSs (Facebook, Twitter, LinkedIn, and Google Plus),
Facebook was used by 14 physiotherapists, 12 of whom used
it on a regular basis (ie, weekly or daily). However, in contrast
to patients, only 5 physiotherapists were likely to use Facebook
on a typical day. They used Facebook mostly to communicate
with friends and access content on Facebook pages, and less
often to participate in Facebook groups. A total of 11
physiotherapists never used Facebook apps prior to this study.
Laptops, tablets, and mobile phones were the most used devices
to access Facebook, with tablets being the preferred choice.
Like patients, a majority of physiotherapists (73%, 11/15) have
never used an app to get in shape. The 4 physiotherapists who
have used such apps liked their ability to demonstrate exercises
and track performance, but in addition to frequent updates, large
downloads, and cost, they also disliked their effect on battery
life as well as some not being user friendly.
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Figure 7. A summary of responses about computer and Internet usage.
Questionnaire 2: Task Completion
As part of completing Questionnaire 3, participants were asked
to complete a series of prespecified tasks using the app. A total
of 15 tasks were defined in order to test the usability of all
aspects of the app. The behavior of each user was studied in an
individual session. Screencasting software [72] was used to
record activities on the computer screen during the task-based
sessions. The videos were analyzed to explain any difficulties
that lead to incorrect answers to task-based questions.
A total of 16 patients completed Questionnaire 2, most of whom
successfully completed the tasks associated with the questions.
A total of 10 patients (62%, 10/16) successfully navigated to
the Knowledge Base and correctly identified the number of knee
conditions described. The remaining 6 patients incorrectly
identified the number of knee conditions as 3, which is the
number of subheadings under the Knee Conditions tab:
Anatomy, Knee Symptoms, and Knee Conditions. This feedback
was later used to rename the tab to a more appropriate and less
confusing title—“Knee.” A total of 12 patients (75%, 12/16)
successfully accessed information via External Links provided
in the Knowledge Base. All but 1 patient was able to access the
training video on YouTube.
A majority of patients (62%, 10/16) were not able to correctly
identify the connections on the Sitemap, either because they
were not able to interpret the Sitemap diagram or because they
misinterpreted the question and ignored the Sitemap completely.
The remaining 6 patients correctly identified that the Mobile
App module was only directly linked to My Self-Care Plan. To
rectify this, we added a reference to Sitemap to the Home page
and explained that its purpose is to illustrate the structure of the
app through the use of pages, tabs, and link. Further, all patients
were able to identify the currently selected module, report their
latest KOOS, and check when their next pedometer reading was
due for submission.
A total of 10 patients (62%, 10/16) successfully navigated to
the iTunes page from which the mobile app was available for
download. The remaining 6 patients failed to scroll down to be
able to see a link to iTunes. For this reason, we moved the link
higher up, as it was not visible on the laptop screen used during
the task-based sessions. Most patients (75%, 12/16) did not own
an iOS-compatible device, and, therefore, were not able to
perform the tasks using the mobile app. In response, we
implemented an Android version of the mobile app.
A majority of patients (81%, 13/16) successfully identified the
number of exercises described in Phase 3 of My Self-Care Plan.
The remaining 3 patients counted the number of strength
exercises in Phase 1 instead. Most patients (88%, 14/16) were
able to correctly interpret the description of a specific exercise,
but 2 failed to correctly describe it as they seemed to ignore the
explicit textual description, which stated "Start position: Stand
upright. Action: Lift the unaffected leg...." For example, one
patient stated the start position as "stand on left leg" by literally
interpreting the image provided. The other one misinterpreted
the description as "affected knee off floor...."
All but 1 patient successfully identified the privacy settings in
the Support Group. However, most patients (81%, 13/16) were
not aware of the types of personal information stored by the
app even though it is clearly specified in the privacy policy. To
direct users to this information, we added a reference to the
Privacy Policy on the Home page. We also added an explanation
on how to delete an account, together with the associated
information.
A total of 15 physiotherapists completed Questionnaire 2, most
of whom successfully completed the tasks associated with the
questions. Only 1 physiotherapist incorrectly identified the
number of knee conditions as 3, which was again attributed to
an ambiguity in naming the tab under which the subheading
“Knee Conditions” is located. As indicated earlier, the tab in
question was subsequently renamed to better reflect its content.
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A total of 11 physiotherapists (73%, 11/15) successfully
accessed information via External Links provided in the
Knowledge Base. A total of 8 physiotherapists were able to
access the training video on YouTube, but the remaining 7 have
not attempted to look for the training video.
A slight majority of physiotherapists (53%, 8/15) were able to
correctly identify the connections on the Sitemap; 4 other
physiotherapists misunderstood the questions, but 3 correctly
provided the total number of connections. The remaining 3
physiotherapists misinterpreted the question and ignored the
Sitemap completely, thus not providing a correct response. We
explained the corrective action taken previously in response to
patients' feedback. Like patients, all physiotherapists were able
to identify the currently selected module, report their latest
KOOS, and check when their next pedometer reading was due
for submission.
All but 1 physiotherapist successfully navigated to the iTunes
page from which the mobile app was available for download.
As indicated earlier, we moved the link higher up to make it
visible without the need to scroll down. While most patients
(75%, 12/16) did not own an iOS-compatible device, a majority
of physiotherapists (67%, 10/15) did own one, which allowed
us to get more insight into the usability of the mobile app. All
of them were able to select an exercise and record information
such as pain level. Only 1 physiotherapist did not manage to
find previously recorded information.
A majority of physiotherapists (93%, 14/15) successfully
identified the number of exercises described in Phase 3 of My
Self-Care Plan. There was 1 physiotherapist who incorrectly
entered the number of exercises as 6, but the analysis of the
video showed them pointing at the 5 exercises provided, so we
assume that this was a typographical error. Partly relying on
their specialist knowledge, all physiotherapists were able to
correctly interpret the description of a specific exercise.
All but 1 physiotherapist successfully identified the privacy
settings in the Support Group. Still, like patients, the vast
majority of 12 physiotherapists were not aware of what types
of personal information were stored in the app. As indicated
before, we made an explicit reference to the Privacy Policy on
the Home page with an explanation on how to delete information
from the app.
Questionnaire 3: Subjective User Preferences
Questionnaire 3 was designed to highlight subjective user
preferences about the app including its general usability, user
perception, and appropriateness in the context of exercise-based
rehabilitation. The part about general usability was based on
the System Usability Scale (SUS), a questionnaire for assessing
the perceived usability of interactive systems [73]. It consists
of 10 questions based on a 5-point Likert scale (1=strongly
disagree, 5=strongly agree). In comparison to other commonly
used questionnaires, it was shown to be the simplest and most
reliable in determining website usability [74]. Not surprisingly,
it is the most used questionnaire for measuring perception of
usability. The overall SUS score is calculated on a scale from
0 to 100. The widespread usage of the SUS questionnaire allows
the usability of a system to be benchmarked against others.
Based on the average SUS score, any score above 68 is
considered above average. In our case, the SUS score calculated
from patients' responses was 78, whereas that of physiotherapists
was 75, which belong to a percentile range of 80-84% and
70-79%, respectively. In other words, our app has higher
perceived usability than 70% of systems. This rank can be
interpreted as “Grade B” on a scale from A to F [75].
Figure 8 shows a summary of responses about user perception.
Only 1 patient out of 16 found the app unnecessarily complex,
cumbersome, inconsistent, difficult to learn, not easy to use,
and not well integrated. None thought they would need technical
support to use the app. Similarly, a single physiotherapist out
of 15 found the app unnecessarily complex and not easy to use.
There were 3 other physiotherapists that thought that they would
need the support of a technical person to be able to use the app.
They also did not feel confident using the app. By contrast,
various functions in the app were found to be well integrated
with no inconsistencies. All physiotherapists agreed that most
people would learn to use the app very quickly. It seems that
the physiotherapists experienced more difficulties in using the
app than the patients, which was reflected in a slightly lower
SUS score.
In addition to SUS-based questions on general usability, we
formulated 8 additional diagnostic questions. All patients agreed
that the information provided was credible, useful, and easy to
understand. The physiotherapists agreed with patients' views
that the information provided was credible, useful, and easy to
understand. However, 1 physiotherapist disliked the layout of
the app, and another disliked the presentation of the app.
Finally, 14 questions were asked in relation to the
appropriateness of the app in the context of exercise-based
rehabilitation. The patients unanimously agreed that exercise
descriptions were sufficiently clear and that the images matched
the description well and made it easier to follow the instructions.
However, 12 of 16 patients (75%) said that they would prefer
videos to images. Most patients (69%, 11/16) felt encouraged
to exercise more. With the exception of only 2 patients, all
others felt able to progress the exercises using the app and that
it improved the self-management of their knee condition. A
slight majority of patients (56%, 9/16) believed that using the
app facilitated the recovery from knee condition. A total of 14
patients (88%, 14/16) would recommend the app to a friend,
colleague, or family member who suffered from a knee
condition. Only 1 patient was concerned about the privacy or
security regarding the app's use.
When asked about an optimal number of exercises that should
be available in the app, most physiotherapists explicitly stated
that the current content was appropriate in terms of quantity
and variety. With the exception of a single physiotherapist, the
rest unanimously agreed that exercise descriptions were
sufficiently clear, and that the images matched the description
well and made it easier to follow the instructions. Similarly to
patients, 11/15 physiotherapists (73%) said that they would
prefer videos to images. In line with the patients' views, the
majority of physiotherapists (67%, 10/15) believed that patients
would be encouraged to exercise more. With the exception of
1 physiotherapist, the professional opinion of the remaining 12
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physiotherapists (80%, 12/15) was that the information provided
was sufficient to be able to progress the exercises. More
physiotherapists (11/15) than patients (9/16) believed that using
the app could facilitate the recovery from a knee condition.
Patients were seen 2 weeks following the recruitment, which is
a relatively short period for patients to observe a significant
recovery, but obviously the prevalent professional opinion based
on clinical practice was that such recovery would be noticeable
over time. The same subset of 11 physiotherapists agreed that
using the app could improve the self-management of a knee
condition. All 15 physiotherapists would recommend the app
to someone who suffered from a knee condition. Whereas only
1 patient was concerned about the privacy or security regarding
the app use, 4 physiotherapists expressed such concerns.
We analyzed patients' opinions on whether the app could support
face-to-face appointments with a physiotherapist and extracted
6 main themes given in Table 1. Likewise we also analyzed
physiotherapists' opinions (Table 2), which revealed the overall
agreement on the given issues from 2 different perspectives.
Table 1. A sample of patients' opinions on the extent to what the app could support face-to-face appointments.
ExampleTheme
It could form a good trigger for talking points or examples; for example, I tried the third knee stability exercise and
really struggled with it.
Facilitate communication
If unsure of any exercise, I can easily access the app to clear any confusion.Improve understanding
It gives extra exercises I can use on top of what my physiotherapist has given me.Provide information
Providing a head start to complete the tedious exercise on your own.Support self-management
It would be a good reminder of the exercises explained by your physiotherapist and how to do them, and encourage
you how to progress them if they become too easy.
Enable progression
It can be a good reminder of the exercises the patient is supposed to do. I have often come away from a physiotherapy
appointment with so many exercises swimming round in my brain that I get them all a bit mixed up.
Recall information
Table 2. A sample of physiotherapists' opinions on the extent to what the app could support face-to-face appointments.
ExampleTheme
This app would streamline discussions to relevant areas, saving the clinician's (and patient's) time.Facilitate communication
Improve ability to check exercises against a clear picture and description.Improve understanding
The quality and accessibility of information are much better than any that we currently provide at face-to-face rehabil-
itation sessions.
Provide information
I think this is a great resource, which can back up and add to the information provided by therapists and allow patients
to be much more in control of their own rehabilitation strategies.
Support self-management
Physiotherapist can also highlight exercises to progress onto knowing the patient will have a clear instruction at the
appropriate time.
Enable progression
Good as a reminder of exercise technique and to stop the need to draw stick men exercises.Recall information
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Figure 8. A summary of responses about user perception.
Face-to-Face Appointments and the App
Further, we analyzed the patients' opinions on whether the app
could replace face-to-face appointments with a physiotherapist.
The overwhelming majority of patients (n=10) felt strongly that
while the app would be a useful aid to their rehabilitation, it
could by no means substitute face-to-face contact. The main
reasons they provided were related to the reassurance associated
with human contact as well as the potential to provide
personalized care. However, 3 patients believed that, while the
app could not completely replace face-to-face appointments, it
could certainly reduce the number of such appointment. There
were 2 patients who found this aspect particularly useful,
quoting logistic reasons such as time constraints and transport
links, which at times make it difficult for them to attend
appointments. This implies that the app would be of high value
to patients with restricted access to health care premises, for
example, because of impaired mobility, remote locations, and/or
nonflexible working conditions.
Not surprisingly, the physiotherapists correctly predicted that
patients would not be keen on fully replacing face-to-face
appointments. However, they themselves were more open to
the idea of reducing the number of face-to-face appointments
(10 of 15 physiotherapists), typically suggesting alternative
forms of contact such as telephone or Skype conversations, but
also embedding a direct contact into the app itself. In contrast
to patients who specified reassurance as the main reason for
insisting on face-to-face appointments, physiotherapists named
monitoring and progression as their professional reasons.
Finally, when asked about any other comments, 5 patients
provided no additional comments, 8 patients were extremely
positive about the app (Table 3), and 3 left very specific
comments about particular aspects of the app (eg, number of
clicks, amount of information). A total of 11 physiotherapists
shared the overwhelmingly positive reaction to the app (Table
4). There were 3 physiotherapists who left specific comments
about the ways of improving the app (eg, adding contact option,
measuring adherence).
Table 3. A sample of patients' comments.
ExampleTheme
The TRAK app is well set out and it's easy to access different areas. The information provided is thorough and clears any
confusion about any knee problems. I will indefinitely be using it as of today!
Uptake
Great app in general and very helpful, exactly what's needed to securely help patients along the road to recovery.Progression
I thought the app was exceptional, really interactive and very clever. My only comments would be for the information sur-
rounding the injury/knee joint (medical bit) could be slightly shorter worded and perhaps be written in bullet-point form.
Content
I rarely used the Facebook app, was barely aware Facebook did apps. If the full (Facebook version) of this app was available
for iPhone with the instructions, plan etc, I would have used it a lot more and found it far more useful.
Technology
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Table 4. A sample of physiotherapists' comments.
ExampleTheme
May be useful to add a goal setting function/monitor progress with specific functional/fitness goals. Overall, think it is an
excellent idea and would definitely consider using it with patients, clearly a lot of work gone into developing the app/infor-
mation & exercises. I look forward to becoming more familiar with it and using it more.
Uptake
Looks really good. Would be great to build a database to see how a cohort of knee conditions progress through their rehab
and return to function/work/sport. Physiotherapists could use this information to spot those failing to progress earlier, and
help inform patients more accurately about their prognosis/timescales.
Progression
Good. I think videos of patients doing the exercises in a good or bad way would be even greater.Content
Great idea for younger/tech savvy patients who are self motivated. Would there be a pop up reminder regarding follow up
appointments in physiotherapy? Might be useful if appropriate.
Technology
App Feedback
In conclusion, the results of the usability study informed the
subsequent improvements of the app by considering all aspects
that have an impact on user experience. This section outlined
a set of measures taken in response to issues raised in user
feedback. Minor changes included renaming and rearranging
the content of the app to improve navigation, content, and
facilities designed to help users' learning experience.
A major change was the addition of an Android app to the app
suite. This issue was first identified in patients' response to
Questionnaire 1 (computer and Internet usage), when patients
who had prior experience with using fitness apps raised an issue
of some of these apps not being available on Android devices.
The need for an Android version of the mobile app became
obvious when the responses in Questionnaire 2 (task completion)
highlighted that the majority of patients (75%, 12/16) did not
own an iOS-compatible device. Indeed, these results are in line
with data reported by the International Data Corporation [76],
a global provider of market intelligence for the information
technology, telecommunications, and consumer technology
markets. According to their Worldwide Quarterly Mobile Phone
Tracker, Android dominates the mobile phone operating system
market share, accounting for nearly 85% in comparison to iOS,
which accounts for only 12%. Android's market share has been
increasing steadily over the last 4 years from 36%, 70%, 80%,
to 85% during the period from 2011 to 2014. Obviously,
Android is by far the most popular operating system on mobile
phones. Therefore, ignoring this platform would alienate a vast
majority of potential users of the TRAK app suite. The Android
version of the mobile app was implemented following the
conclusions of the usability study. We incorporated information
about it into the Mobile App module of the Facebook app. The
2 mobile apps are equivalent in their functionality and both can
be used as standalone products.
Discussion
Limitations of the Study
This paper described a novel Web-based app for delivering
exercise to patients undergoing knee rehabilitation and provided
preliminary usability findings. A limitation of the usability study
was the discrepancy between the age range (19-31 years) of the
patient sample and the fact that the risk of developing
osteoarthritis increases from the late 40s [2]. Potential usability
issues related to the app design in the context of the physical
abilities and the visual capacity of older users can be resolved
relatively easily. A major concern, however, is that of digital
literacy across the age groups. Not surprisingly, Internet usage
was found to fall with age across Europe, but the increasing
development of useable and accessible products such as mobile
phones and mobile apps is expected to reduce the challenge of
digital literacy [77]. In Europe, the Riga Declaration 2006 [78]
established specific targets in relation to aging and information
and communication technologies, one of which is to halve the
gap in average Internet use between older people and the EU
population. In this context, the usability results can be
generalized beyond the age range of the patient sample used in
the study.
The usability study uncovered various areas of possible
improvements. Both patients and physiotherapists suggested
that videos should replace images as illustrations of exercises.
We already produced over 20 exercise videos. From a
developer's perspective, replacing images with videos would
constitute only a minor change to the system. Although quoting
different reasons, all stakeholders expressed a wish for the app
to close the feedback loop between patients and physiotherapists
by allowing them to exchange information and communicate
directly as part of a shared decision-making process. Indeed,
support for patient-doctor interactions was identified during
needs assessment. Incorporating a Web chat function [79] into
the app would allow a patient to chat with a physiotherapist in
real time. In technical terms, it would simply require a developer
to reuse a piece of ready-made code. The reason we did not
implement this functionality was due to human resource
constraints. While it would be worth investing in this particular
aspect of a Web-based intervention, the limitations on human
resources are likely to persist. A fully automated
question-answering system (QAS) or at least a list of FAQs
would provide a compromise solution to this problem. As part
of piloting the Web intervention within the NHS, plans are
already in place to collect FAQs and incorporate them into the
TRAK app suite. In combination with the TRAK ontology, the
collected questions and answers will provide a basis for further
research into developing a QAS.
Another possibility to improve the function of the support group
would be to involve a health care professional as a moderator.
Namely, such groups provide a communication space, but not
a self-sustaining conversation. A moderator strategy is required
to support community development. There are 2 ways of
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moderation that are essential for health promotion interventions:
(1) professional supervision to maintain a safe space for
discussion and information quality, and (2) a more engaged
presence to improve activity and timely response to user requests
[80].
Future work will support the professional needs of
physiotherapists by allowing them to specify exercise
prescription within the app as part of personalizing its exercise
program according to individual patients' circumstances. The
TRAK ontology will drive the exercise selection process. The
ontology will also facilitate tighter integration of the individual
apps within the TRAK suite. In particular, we want to exemplify
the correlation between exercise adherence (currently monitored
by the mobile app) and recovery progression (currently
quantified by the KOOS within the Facebook app). In addition
to providing feedback and motivation to patients, such
information would allow physiotherapists to monitor patients'
recovery and exercise progression. On a large scale, these data
can support epidemiological studies to identify the most
effective treatment components, so that new interventions can
be developed.
The assessment of long-term impact of a Web-based intervention
on knee rehabilitation was outside the scope of this study.
Nevertheless, our work laid out the foundation for further
translational research based on a randomized control trial. We
recently acquired funding to put the TRAK intervention into
practice within the Cardiff and Vale University Health Board
and gather evidence about how such innovation improves quality
of health care. This will provide an opportunity to explore the
link between face-to-face physiotherapy interaction and the use
of the app in light of the finding that better outcomes in
Web-based interventions were identified when there were
multiple contacts with participants and when the time to
follow-up was short [14].
Conclusions
The aim of this study was to assess the usability and
acceptability of a Web-based intervention in knee patients and
physiotherapists who deliver knee rehabilitation. We developed
TRAK, a Web-based app suite, to support self-management of
knee conditions. Its content is based on the TRAK ontology,
which includes rehabilitation concepts and treatment modalities
that are part of standard care for the rehabilitation of knee
conditions based on expert clinical opinion and published
research evidence [8]. The usability study suggested unanimous
acceptability by both types of stakeholders. Both patients and
physiotherapists agreed that the given Web-based approach
would facilitate communication, provide information, help recall
information, improve understanding, enable exercise
progression, and support self-management in general. The Web
app was found to be easy to use and user satisfaction was very
high. These results suggest that a Web-based intervention is
feasible and acceptable in supporting self-management of knee
conditions.
 
Acknowledgments
We gratefully acknowledge the support of Arthritis Research UK Biomechanics and Bioengineering Centre at Cardiff and
Orthopaedics and Physiotherapy Departments of the Cardiff and Vale University Health Board in conducting this study. The
National Institute for Social Care and Health funded the time of Kate Button to undertake this study as part of a clinical research
fellowship. We thank Robert Letchford, Amy Lake, and Thomas Edwards for their assistance in image and video production.
We would also like to thank Dr Mohammad Al-Amri, Dr Will Webberley, and Dr Pete Woznowski for their assistance in testing
the software.
Authors' Contributions
IS and KB conceived the overall study and drafted the manuscript. TP originally designed and implemented the Facebook app.
IS and KB provided user feedback for the first round of modifications implemented by TP. All subsequent modifications were
implemented by IS. KB, RvD, and CW provided the content of the app. DP and AP designed the mobile app, which was then
implemented by DP for iOS. SG implemented the Android version of the mobile app. IS, KB, and AD designed the usability
study and coordinated usability testing. With the exception of IS and KB, all other coauthors are listed in alphabetical order.
Conflicts of Interest
None declared.
References
1. Vos T, Flaxman A, Naghavi M, Lozano R, Michaud C, Ezzati M, de Vaccaro Karen Courville, Des Jarlais Don C, Fowkes
Francis Gerry R, Narayan K M Venkat, De Leòn Felipe Rodriguez, van der Werf Marieke J, Williams Sean R M, Zaidi
Anita K M, et al. Years lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990-2010: A systematic
analysis for the Global Burden of Disease Study 2010. Lancet 2012 Dec 15;380(9859):2163-2196. [doi:
10.1016/S0140-6736(12)61729-2] [Medline: 23245607]
2. Arthritis Research UK. Osteoarthritis in General Practice: Data and Perspectives. 2013. URL: http://www.
arthritisresearchuk.org/arthritis-information/data-and-statistics/osteoarthritis.aspx [accessed 2015-10-04] [WebCite Cache
ID 6UTeqF80r]
JMIR Res Protoc 2015 | vol. 4 | iss. 4 | e122 | p.17http://www.researchprotocols.org/2015/4/e122/
(page number not for citation purposes)
Spasić et alJMIR RESEARCH PROTOCOLS
XSL•FO
RenderX
3. Gage B, McIlvain N, Collins C, Fields S, Comstock R. Epidemiology of 6.6 million knee injuries presenting to United
States emergency departments from 1999 through 2008. Acad Emerg Med 2012 Apr;19(4):378-385 [FREE Full text] [doi:
10.1111/j.1553-2712.2012.01315.x] [Medline: 22506941]
4. van MM, van LR, Berger M, Koes B, Bierma-Zeinstra S. Knee complaints seen in general practice: Active sport participants
versus non-sport participants. BMC Musculoskelet Disord 2008;9:36 [FREE Full text] [doi: 10.1186/1471-2474-9-36]
[Medline: 18366679]
5. Button K, Roos P, van Deursen RW. Activity progression for anterior cruciate ligament injured individuals. Clin Biomech
(Bristol, Avon) 2014 Feb;29(2):206-212 [FREE Full text] [doi: 10.1016/j.clinbiomech.2013.11.010] [Medline: 24447417]
6. Maxwell J, Keysor J, Niu J, Singh JA, Wise BL, Frey-Law L, et al. Participation following knee replacement: The MOST
cohort study. Phys Ther 2013 Nov;93(11):1467-1474 [FREE Full text] [doi: 10.2522/ptj.20130109] [Medline: 23813082]
7. Button K, Iqbal AS, Letchford RH, van Deursen RW. The clinical effectiveness of knee rehabilitation techniques and
implications for a self-care treatment model. Physiotherapy 2012;98(4):288-299. [Medline: 23122433]
8. Button K, van Deursen RW, Soldatova L, Spasić I. TRAK ontology: Defining standard care for the rehabilitation of knee
conditions. J Biomed Inform 2013 Aug;46(4):615-625 [FREE Full text] [doi: 10.1016/j.jbi.2013.04.009] [Medline: 23665300]
9. Kroon FP, van der Burg LR, Buchbinder R, Osborne R, Johnston R, Pitt V. Self-management education programmes for
osteoarthritis. Cochrane Database Syst Rev 2014;1:CD008963. [doi: 10.1002/14651858.CD008963.pub2] [Medline:
24425500]
10. National Institute for Health and Care Excellence. Osteoarthritis: Care and Management in Adults (NICE Guidelines,
CG177). 2014. URL: http://www.nice.org.uk/guidance/cg177 [accessed 2014-07-10] [WebCite Cache ID 6UTf0z1cS]
11. Luthans F, Avey J, Patera J. Experimental analysis of a web-based training intervention to develop positive psychological
capital. Acad Manage Learn Educ 2008 Jun 01;7(2):209-221. [doi: 10.5465/AMLE.2008.32712618]
12. Sitzmann T, Kraiger K, Stewart D, Wisher R. The comparative effectiveness of Web-based and classroom instruction: A
meta-analysis. Pers Psychol 2006 Sep;59(3):623-664. [doi: 10.1111/j.1744-6570.2006.00049.x]
13. Wantland D, Portillo C, Holzemer W, Slaughter R, McGhee E. The effectiveness of web-based vs. non-web-based
interventions: A meta-analysis of behavioral change outcomes. J Med Internet Res 2004 Nov 10;6(4):e40 [FREE Full text]
[doi: 10.2196/jmir.6.4.e40] [Medline: 15631964]
14. Vandelanotte C, Spathonis K, Eakin E, Owen E. Website-delivered physical activity interventions a review of the literature.
Am J Prev Med 2007 Jul;33(1):54-64. [doi: 10.1016/j.amepre.2007.02.041] [Medline: 17572313]
15. Fredericks S, Martorella G, Catallo C. A systematic review of web-based educational interventions. Clin Nurs Res 2015
Feb;24(1):91-113. [doi: 10.1177/1054773814522829] [Medline: 24571963]
16. Macea D, Gajos K, Daglia Calil Y, Fregni F. The efficacy of web-based cognitive behavioral interventions for chronic
pain: A systematic review and meta-analysis. J Pain 2010 Oct;11(10):917-929. [doi: 10.1016/j.jpain.2010.06.005] [Medline:
20650691]
17. Elbert N, van OH, van RW, Ekeland AG, Hakkaart-van RL, Raat H, et al. Effectiveness and cost-effectiveness of ehealth
interventions in somatic diseases: A systematic review of systematic reviews and meta-analyses. J Med Internet Res
2014;16(4):e110 [FREE Full text] [doi: 10.2196/jmir.2790] [Medline: 24739471]
18. van den Berg M, Schoones J, Vliet Vlieland TP. Internet-based physical activity interventions: A systematic review of the
literature. J Med Internet Res 2007;9(3):e26 [FREE Full text] [doi: 10.2196/jmir.9.3.e26] [Medline: 17942388]
19. Kelders S, Kok R, Ossebaard H, Van Gemert-Pijnen JE. Persuasive system design does matter: A systematic review of
adherence to web-based interventions. J Med Internet Res 2012;14(6):e152 [FREE Full text] [doi: 10.2196/jmir.2104]
[Medline: 23151820]
20. Ellis L, Showell C, Turner P. Social media and patient self-management: Not all sites are created equal. Stud Health Technol
Inform 2013;183:291-295. [Medline: 23388301]
21. Parameswaran M, Whinston A. Social computing: An overview. Commun Assoc Inform Syst 2007;19:37 [FREE Full text]
[WebCite Cache]
22. Kaplan A, Haenlein M. Users of the world, unite! The challenges and opportunities of Social Media. Bus Horiz 2010
Jan;53(1):59-68. [doi: 10.1016/j.bushor.2009.09.003]
23. Keckley P. Social Networks in Health Care: Communication, Collaboration and Insights. New York: Deloitte Center for
Health Solutions; 2010. URL: https://www.ucsf.edu/sites/default/files/legacy_files/US_CHS_2010SocialNetworks_070710.
pdf [accessed 2015-10-04] [WebCite Cache ID 6UTf6kfPN]
24. Kordzadeh N, Warren J. Toward a typology of health 2.0 collaboration platforms and websites. Health Technol 2013 Mar
13;3(1):37-50. [doi: 10.1007/s12553-013-0043-x]
25. George D, Rovniak L, Kraschnewski J. Dangers and opportunities for social media in medicine. Clin Obstet Gynecol 2013
Sep;56(3):453-462 [FREE Full text] [doi: 10.1097/GRF.0b013e318297dc38] [Medline: 23903375]
26. Atherton H, Majeed A. Social networking and health. Lancet 2011 Jun 18;377(9783):2083. [doi:
10.1016/S0140-6736(11)60917-3] [Medline: 21684379]
27. Burson-Marsteller. Burson-Marsteller and Proof Digital Fortune 100 Social Media Study. 2009. URL: http://www.
burson-marsteller.com/bm-blog/burson-marsteller-and-proof-digital-fortune-100-social-media-study/ [accessed 2015-10-07]
[WebCite Cache ID 6UTfD3Rdp]
JMIR Res Protoc 2015 | vol. 4 | iss. 4 | e122 | p.18http://www.researchprotocols.org/2015/4/e122/
(page number not for citation purposes)
Spasić et alJMIR RESEARCH PROTOCOLS
XSL•FO
RenderX
28. Anderson B, Speed E. Social media and health: Implications for primary health care providers. Colchester, UK: Centre for
Research in Economic and Innovation; 2010. URL: http://eprints.soton.ac.uk/350360/ [accessed 2015-10-04] [WebCite
Cache ID 6UTfKt37s]
29. O'Brien M. Leading Innovation in a Risk-Averse Healthcare Environment: Healthcare Financial Management Association.
2008. URL: http://www.hfma.org/Content.aspx?id=2235 [accessed 2015-10-04] [WebCite Cache ID 6UTfSdh4c]
30. Vikram D. Transforming healthcare through social media: Wipro Healthcare Services. 2010. URL: http://www.epractice.eu/
files/Transforming%20healthcare%20through%20social%20media [accessed 2015-10-04] [WebCite Cache ID 6UTfYvzg8]
31. European Parliament. Data Protection Directive 95/46/EC. 1995. URL: http://eur-lex.europa.eu/legal-content/en/TXT/
?uri=CELEX:31995L0046 [accessed 2015-10-04] [WebCite Cache ID 6UTfqTPBQ]
32. US Congress. Health Insurance Portability and Accountability Act. 1996. URL: http://www.hhs.gov/ocr/privacy/hipaa/
administrative/statute/hipaastatutepdf.pdf [accessed 2015-10-04] [WebCite Cache ID 6UTfyWjDd]
33. Broom A. Medical specialists' accounts of the impact of the Internet on the doctor/patient relationship. Health (London)
2005 Jul;9(3):319-338. [doi: 10.1177/1363459305052903] [Medline: 15937035]
34. Moorhead S, Hazlett D, Harrison L, Carroll J, Irwin A, Hoving C. A new dimension of health care: Systematic review of
the uses, benefits, and limitations of social media for health communication. J Med Internet Res 2013;15(4):e85 [FREE
Full text] [doi: 10.2196/jmir.1933] [Medline: 23615206]
35. Hether H, Murphy S, Valente TW. It's better to give than to receive: The role of social support, trust, and participation on
health-related social networking sites. J Health Commun 2014 Dec;19(12):1424-1439. [doi: 10.1080/10810730.2014.894596]
[Medline: 24766297]
36. PatientsLikeMe. 2014. URL: http://www.patientslikeme.com/ [accessed 2015-10-04] [WebCite Cache ID 6UTieTnPu]
37. 6UTiaCbWX. CureTogether. 2014. URL: http://curetogether.com/ [accessed 2014-10-04] [WebCite Cache ID 6UTiaCbWX]
38. Hinchliffe A, Mummery W. Applying usability testing techniques to improve a health promotion website. Health Promot
J Austr 2008 Apr;19(1):29-35. [Medline: 18481929]
39. Kirwan M, Duncan M, Vandelanotte C, Mummery W. Design, development, and formative evaluation of a smartphone
application for recording and monitoring physical activity levels: The 10,000 Steps "iStepLog". Health Educ Behav 2013
Apr;40(2):140-151. [doi: 10.1177/1090198112449460] [Medline: 22984196]
40. Winett R, Tate D, Anderson E, Wojcik J, Winett S. Long-term weight gain prevention: A theoretically based Internet
approach. Prev Med 2005 Aug;41(2):629-641. [doi: 10.1016/j.ypmed.2004.12.005] [Medline: 15917062]
41. McKay H, King D, Eakin E, Seeley J, Glasgow R. The diabetes network internet-based physical activity intervention: A
randomized pilot study. Diabetes Care 2001 Aug;24(8):1328-1334. [Medline: 11473065]
42. Hageman P, Walker S, Pullen C. Tailored versus standard internet-delivered interventions to promote physical activity in
older women. J Geriatr Phys Ther 2005;28(1):28-33. [Medline: 16236225]
43. Bossen D, Veenhof C, Dekker J, de BD. The usability and preliminary effectiveness of a web-based physical activity
intervention in patients with knee and/or hip osteoarthritis. BMC Med Inform Decis Mak 2013;13:61 [FREE Full text] [doi:
10.1186/1472-6947-13-61] [Medline: 23714120]
44. van den Berg M, Ronday H, Peeters A, le Cessie S, van der Giesen F, Breedveld FC, et al. Using internet technology to
deliver a home-based physical activity intervention for patients with rheumatoid arthritis: A randomized controlled trial.
Arthritis Rheum 2006 Dec 15;55(6):935-945. [doi: 10.1002/art.22339] [Medline: 17139640]
45. Elgg. 2014. URL: http://www.elgg.org/ [accessed 2015-10-04] [WebCite Cache ID 6UTiV9Oam]
46. Oxwall Software. Oxwall. 2014. URL: http://www.oxwall.org/ [accessed 2015-10-04] [WebCite Cache ID 6UTiQzDyq]
47. BuddyPress. BuddyPress. 2014. URL: http://buddypress.org/ [accessed 2015-10-04] [WebCite Cache ID 6UTiIumtX]
48. Facebook. Facebook Login. 2014. URL: https://www.facebook.com/help/405977429438260 [accessed 2014-10-04] [WebCite
Cache ID 6UThrfssc]
49. Twitter. Twitter OAuth. 2014. URL: http://dev.twitter.com/oauth [accessed 2015-10-04] [WebCite Cache ID 6UThxCXqp]
50. Yahoo!. Yahoo OAuth. 2014. URL: http://developer.yahoo.com/oauth/ [accessed 2015-10-04] [WebCite Cache ID
6UTi0YMHX]
51. Google. Google OAuth 2.0. 2014. URL: http://developers.google.com/accounts/docs/OAuth2 [accessed 2015-10-04]
[WebCite Cache ID 6UTi42ZYf]
52. Disqus Inc. Disqus. 2014. URL: http://disqus.com/ [accessed 2015-10-04] [WebCite Cache ID 6UTiBPZh0]
53. Facebook. Facebook's Privacy Policy. 2014. URL: http://www.facebook.com/note.php?note_id=%20322194465300
[accessed 2015-10-04] [WebCite Cache ID 6UTgMUjcA]
54. eMarketer. Coverage of a Digital World. 2014. URL: http://www.emarketer.com/corporate/coverage#/ [accessed 2015-10-04]
[WebCite Cache ID 6UTgEQYrB]
55. PewResearchCenter. Social Networking Fact Sheet. 2014. URL: http://www.pewinternet.org/fact-sheets/
social-networking-fact-sheet/ [accessed 2015-10-04] [WebCite Cache ID 6UTgc6m97]
56. Duggan M, Brenner J. The Demographics of Social Media Users: 2012. 2013. URL: http://www.pewinternet.org/2013/02/
14/the-demographics-of-social-media-users-2012/ [accessed 2015-10-04] [WebCite Cache ID 6UTgjveks]
JMIR Res Protoc 2015 | vol. 4 | iss. 4 | e122 | p.19http://www.researchprotocols.org/2015/4/e122/
(page number not for citation purposes)
Spasić et alJMIR RESEARCH PROTOCOLS
XSL•FO
RenderX
57. Neal RW. Facebook Gets Older: Demographic Report Shows 3 Million Teens Left Social Network in 3 Years. 2014. URL:
http://www.ibtimes.com/facebook-gets-older-demographic-report-shows-3-million-teens-left-social-network-3-years-1543092
[accessed 2015-10-04] [WebCite Cache ID 6UTgom9VD]
58. Clayton Robert AE, Court-Brown CM. The epidemiology of musculoskeletal tendinous and ligamentous injuries. Injury
2008 Dec;39(12):1338-1344. [doi: 10.1016/j.injury.2008.06.021] [Medline: 19036362]
59. Donner J. Research approaches to mobile use in the developing world: A review of the literature. Inf Soc 2008 May
06;24(3):140-159. [doi: 10.1080/01972240802019970]
60. Berenbach B, Paulish D, Kazmeier J, Rudorfer A. Software and Systems Requirements Engineering: In Practice. New
York: McGraw-Hill; 2009.
61. Morville P, Rosenfeld L. Information Architecture for the World Wide Web: Designing Large-Scale Web sites (3rd Ed).
Sebastopol, CA: O'Reilly Media; 2006.
62. Komatineni S. Reshaping IT Project Delivery Through Extreme Prototyping. 2006. URL: http://www.onjava.com/pub/a/
onjava/2006/11/15/reshaping-it-project-delivery-through-extreme-prototyping.html [accessed 2015-10-04] [WebCite Cache
ID 6UTh7eDXn]
63. Roos E, Roos H, Lohmander L, Ekdahl C, Beynnon B. Knee Injury and Osteoarthritis Outcome Score (KOOS)—Development
of a self-administered outcome measure. J Orthop Sports Phys Ther 1998 Aug;28(2):88-96. [doi: 10.2519/jospt.1998.28.2.88]
[Medline: 9699158]
64. Mansi S, Milosavljevic S, Baxter D, Tumilty S, Hendrick P. A systematic review of studies using pedometers as an
intervention for musculoskeletal diseases. BMC Musculoskelet Disord 2014;15:231 [FREE Full text] [doi:
10.1186/1471-2474-15-231] [Medline: 25012720]
65. Wilk K, Macrina L, Cain E, Dugas J, Andrews J. Recent advances in the rehabilitation of anterior cruciate ligament injuries.
J Orthop Sports Phys Ther 2012 Mar;42(3):153-171. [doi: 10.2519/jospt.2012.3741] [Medline: 22382825]
66. Day-Richter J. The OBO flat file format specification, version 1.2. 2006. URL: http://oboformat.googlecode.com/svn/trunk/
doc/GO.format.obo-1_2.html [accessed 2015-10-04] [WebCite Cache ID 6UThDQQOv]
67. Coventry P, Fisher L, Kenning C, Bee P, Bower P. Capacity, responsibility, and motivation: A critical qualitative evaluation
of patient and practitioner views about barriers to self-management in people with multimorbidity. BMC Health Serv Res
2014;14:536 [FREE Full text] [doi: 10.1186/s12913-014-0536-y] [Medline: 25367263]
68. Petursdottir U, Arnadottir S, Halldorsdottir S. Facilitators and barriers to exercising among people with osteoarthritis: A
phenomenological study. Phys Ther 2010 Jul;90(7):1014-1025 [FREE Full text] [doi: 10.2522/ptj.20090217] [Medline:
20466741]
69. Facebook. Facebook Groups. 2014. URL: http://www.facebookgroups.com/ [accessed 2015-10-04] [WebCite Cache ID
6UUvDRwdV]
70. Nielsen J, Landauer TK. A mathematical model of the finding of usability problems. New York: ACM; 1993 Presented at:
CHI '93 Proceedings of the INTERACT '93 and CHI '93 Conference on Human Factors in Computing Systems; 1993;
Amsterdam, The Netherlands p. 206-213. [doi: 10.1145/169059.169166]
71. Bevan N, Barnum C, Cockton G, Nielsen J, Spool J, Wixon D. The "magic number 5": Is it enough for web testing? 2003
Presented at: The CHI 2003 Conference on Human Factors in Computing Systems; 2003; Fort Lauderdale, FL p. 698-699.
[doi: 10.1145/765891.765936]
72. Softonic. Camtasia Studio. 2014. URL: http://camtasia-studio.en.softonic.com/ [accessed 2015-10-04] [WebCite Cache ID
6UUv3QiCZ]
73. Brooke J. SUS: A quickdirty usability scale. In: Jordan PW, Thomas B, Weerdmeester BA, editors. Usability Evaluation
in Industry. London , UK: Taylor & Francis; 1996.
74. Tullis TS, Stetson JN. Usability Professional Association Conference. Minneapolis, MN; 2004. A comparison of
questionnaires for assessing website usability URL: http://home.comcast.net/~tomtullis/publications/UPA2004TullisStetson.
pdf [accessed 2015-10-08] [WebCite Cache ID 6c7mVJPvU]
75. Sauro J, Lewis JR. Quantifying the User Experience: Practical Statistics for User Research. Burlington, MA: Morgan
Kaufmann; 2012.
76. International Data Corporation. Smartphone OS Market Share, 2015 Q2. 2014. URL: http://www.idc.com/prodserv/
smartphone-os-market-share.jsp [accessed 2015-10-04] [WebCite Cache ID 6UThXOU0R]
77. AGE: The European Older People's Platform. Media Literacy, Digital Exclusion and Older People. 2008. URL: http://www.
age-platform.eu/images/stories/EN/pdf_AGE-media-A4-final-2.pdf [accessed 2015-10-04] [WebCite Cache ID 6Y0C8X11Y]
78. European Commission. Riga Ministerial Declaration on e-Inclusion. 2006. URL: http://ec.europa.eu/information_society/
activities/ict_psp/documents/declaration_riga.pdf [accessed 2015-10-04] [WebCite Cache ID 6Y0CnJAu6]
79. LiveChat Inc.. LiveChat. 2014. URL: http://www.livechatinc.com/ [accessed 2015-10-04] [WebCite Cache ID 6UUv7yM6r]
80. Syred J, Naidoo C, Woodhall S, Baraitser P. Would you tell everyone this? Facebook conversations as health promotion
interventions. J Med Internet Res 2014;16(4):e108 [FREE Full text] [doi: 10.2196/jmir.3231] [Medline: 24727742]
JMIR Res Protoc 2015 | vol. 4 | iss. 4 | e122 | p.20http://www.researchprotocols.org/2015/4/e122/
(page number not for citation purposes)
Spasić et alJMIR RESEARCH PROTOCOLS
XSL•FO
RenderX
Abbreviations
FAQ: frequently asked questions
KOOS: Knee injury and Osteoarthritis Outcome Score
NHS: National Health Service
QAS: question-answering system
SNS: social networking site
SUS: System Usability Scale
TRAK: Taxonomy for RehAbilitation of Knee conditions
Edited by G Eysenbach; submitted 04.12.14; peer-reviewed by A Cuesta-Vargas, C Scholes; comments to author 30.03.15; revised
version received 23.04.15; accepted 26.04.15; published 16.10.15
Please cite as:
Spasić I, Button K, Divoli A, Gupta S, Pataky T, Pizzocaro D, Preece A, van Deursen R, Wilson C
TRAK App Suite: A Web-Based Intervention for Delivering Standard Care for the Rehabilitation of Knee Conditions
JMIR Res Protoc 2015;4(4):e122
URL: http://www.researchprotocols.org/2015/4/e122/ 
doi:10.2196/resprot.4091
PMID:26474643
©Irena Spasić, Kate Button, Anna Divoli, Satyam Gupta, Tamas Pataky, Diego Pizzocaro, Alun Preece, Robert van Deursen,
Chris Wilson. Originally published in JMIR Research Protocols (http://www.researchprotocols.org), 16.10.2015. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic information,
a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.
JMIR Res Protoc 2015 | vol. 4 | iss. 4 | e122 | p.21http://www.researchprotocols.org/2015/4/e122/
(page number not for citation purposes)
Spasić et alJMIR RESEARCH PROTOCOLS
XSL•FO
RenderX
